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INTRODUCTION
Colorectal cancer is a common malignant tumor of the digestive tract. With the improvement of living standards, diet and lifestyle have gradually changed, and the incidence and mortality of colorectal cancer have been increasing annually [1, 2] . On the other hand, colorectal cancer is also showing a trend of affecting younger individuals. The incidence of colorectal cancer in adolescents and young adults is rising [3] . Early diagnosis and treatment can obviously improve the prognosis and quality of life of patients with colon cancer. In 1991, Foutch et al [4] proposed the concept of sentinel polyps; that is, for patients with rectal polyps and proximal colon carcinoma, sentinel polyps may be a marker of proximal colon cancer (ascending colon and transverse colon cancer). Rectal polyps are the most common type of intestinal polyps, and their relationship with proximal colon cancer has received extensive attention in recent years [5, 6] . This study analyzed the characteristics of rectal polyps and explored the correlation between sentinel polyps and proximal colon cancer in northwestern China.
MATERIALS AND METHODS

Patient and public involvement
This study was a retrospective study that was approved by the Institutional Review Board (IRB) of People's Hospital of Xinjiang Uygur Autonomous Region. The informed consent requirements were waived by the IRB due to the retrospective nature of this study, and this work adhered to the applicable STROBE guidelines.
Study population
All patients who were first diagnosed with rectal polyps and received treatment at the Medical Center of the People's Hospital of Xinjiang Uygur Autonomous Region between January 2006 and December 2017 were included as study subjects. The inclusion criteria included the following: (A) Patients who were diagnosed with rectal polyps for the first time; and (B) Patients whose diagnoses were confirmed by colonoscopy and pathological findings. The exclusion criteria included the following: (A) Age 18 years; (B) No total colonoscopy or no biopsy; (C) Inflammatory bowel disease; (D) History of resection of intestinal polyps; (E) History of resection of intestinal malignant tumors; (F) Rectal tumor; (G) Metastatic colon carcinoma; (H) Polyposis; and (I) Nonpolyposis hereditary colon cancer syndrome. A total of 2587 patients met the inclusion criteria and agreed to participate in the study. According to whether they had proximal colon carcinoma, the patients were divided into either a sentinel polyp group or a pure rectal polyp group.
Study design
The clinical data, laboratory findings, colonoscopic characteristics, pathological histology, tumor metastasis, treatment, and short-term prognosis of the patients were retrospectively collected from the electronic medical records.
Statistical analysis
Statistical analyses were performed using SPSS software (version 17.0). All data are represented as the mean ± SD, or as percentages and ranges. The measurement data and numeration data were evaluated by the t-test and chi-square test, respectively. Fisher's exact tests with 95%CIs were used when the number of samples was less than 5. P values less than 0.05 were considered statistically significant.
Data availability
The protocol for this study is available on the Chinese Clinical Trial Registry (ChiCTR1900021639). The datasets used and/or analyzed during the current study are available from the corresponding author upon reasonable request.
RESULTS
General characteristics of the patients
A total of 3109 patients were included in this study, of which 2587 were enrolled in the final analysis. Figure 1 shows the flow chart of the study, which included the subject withdrawal at various stages and the final diagnoses. A total of 1418 males and 1169 females were included. The age ranged from 18 to 88 years old (average, 54.33 ± 12.26 years old), and the total hospitalization days ranged from 2 to 77 d. There were 192 patients in the sentinel polyp group, which contained 118 males and 74 females. The average age was 64.30 ± 11.15 years. There were 44 Uygur patients, 130 Han patients, and 18 patients of other ethnic groups. There were 2395 patients in the pure rectal polyp group, including 1300 males and 1095 females, with an average age of 56.43 ± 11.68 years. There were 631 Uygur individuals, 1525 Han individuals, and 239 individuals of other ethnic groups. The clinical features of the two groups are shown in Table 1 . No significant difference was found in gender between the two groups (χ 2 = 3.698, P > 0.05), but the proportion of male patients was higher than that of female patients (61.46% vs 38.54%; 54.28% vs 45.72%) in the two groups. The mean age of the sentinel polyp group was significantly higher (χ 2 = 79.097, P < 0.01) than that of the pure rectal polyp group, and most of the patients in the sentinel polyp group were over 60 years old. Pure rectal polyps often occurred in patients between 40-60 years old. A pairwise comparison showed that the incidence of sentinel polyps increased significantly with age. There was no significant difference in the ethnicity between the two groups (χ 2 = 1.319, P > 0.05).
Clinical features
Most of the patients showed predominantly nonspecific abdominal symptoms, including abdominal pain (290 patients, 11.21%), black or bloody stools (478 patients, 18.48%), bloating (343 patients, 13.26%), changes in bowel habits (718 patients, 27.75%), and acute intestinal obstruction (3 patients, 0.12%). The average time from the symptom onset to diagnosis was 10 months (range, 1-240 mo). Two hundred and ninety-four (11.36%) patients had lesions found during routine physical examination and no discomfort, including 43 cases of proximal colon cancer, accounting for 22.40% of patients in the sentinel polyp group. 
Past medical history
Family history
Two hundred and eight (8.04%) patients had a first-degree relative with malignant tumors, including 57 (29.69%) patients in the sentinel polyp group and 151 (6.30%) in the pure rectal polyp group. No significant difference between the two groups was found in regard to the family history (χ 2 = 94.726, P < 0.01). Four (0.15%) patients had a family history of familial adenomatous polyposis (FAP) and three patients had a family history of colon cancer, accounting for 1.56% of the sentinel polyp group.
Laboratory findings
The liver and kidney function and serum ions had no obvious abnormalities in all patients. There were 264 patients with mild to moderate anemia (hemoglobin range, 63-121 g/L), including 58 (30.21%) patients in the sentinel polyp group and 206 (8.60%) in the pure rectal polyp group. A significant difference was found between the two groups in regard to anemia (χ 2 = 90.561, P < 0.01). One hundred and forty-two patients tested positive for fecal occult blood. Thirty-six (18.75%) of these patients were in the sentinel polyp group, and 106 (4.43%) were in the pure rectal polyp group. There was a significant difference between the two groups in regard to fecal occult blood positivity (χ 2 = 70.303, P < 0.01). A total of 484 patients were tumor markerpositive (at least one positive indicator among CEA, CA199, CA125, and CA724), including 86 (44.79%) patients in the sentinel polyp group and 398 (16.62%) in the pure rectal polyp group. The positivity rate of tumor markers in the sentinel polyp group was significantly higher than that in the pure rectal polyp group (χ 2 = 92.77, P < 0.01) ( 
Colonoscopic characteristics
There were no special colonoscopic findings in the pure rectal polyp group. In the sentinel polyp group, the main manifestation of proximal colon cancer was the encircling of the intestinal lumen in the tumor. However, there were no special manifestations of the intestinal tract between the distal rectal polyps and proximal colon cancer. In the sentinel polyp group, having multiple polyps along the whole colon was rare (2 patients, 1.9%), suggesting that the lesions were not continuous.
Endoscopic and pathological features of rectal polyps
As shown in Tables 1 and 2 , the detection rates of multiple polyps (n ≥ 3), large polyps (maximum diameter of more than 1 cm), adenomatous polyps (including tubular adenoma, villous tubular adenoma, and villous adenoma), and pedunculated polyps in the sentinel polyps group were significantly higher than those in the pure rectal polyp group (χ 2 = 195.964, P < 0.01; χ 2 = 460.464, P < 0.01; χ 2 = 94.693, P < 0.01; χ 2 = 48.014, P < 0.01).
Pathology and staging
The pathological types of the 192 patients with colon cancer in the sentinel polyps group were as follows: Well-differentiated adenocarcinoma in 52 (27.08%) patients; moderately differentiated adenocarcinoma in 34 (17.71%); poorly differentiated adenocarcinoma in 13 (6.77%); mucinous adenocarcinoma in 9 (4.69%); signet-ring cell carcinoma in 7 (3.65%); and early carcinoma in 77 (40.10%). In terms of distant metastasis, the number of patients with Duke's stages A, B, C, and D stage disease was 94 (48.96%), 35 (18.23%), 39 (20.31%), and 24 (12.50%), respectively.
Helicobacter pylori (H. pylori) infection
H. pylori was detected by the rapid urease test or 14 C-urea breath test. Of the 1972 patients, 1360 were positive for H. pylori. The positivity rate was 80.65%, including 80 patients in the sentinel polyp group and 1280 patients in the pure rectal polyp group. There was no significant difference between the two groups in regard to H. pylori infection (P > 0.05).
Treatment and prognosis
In the pure rectal polyp group, 2203 patients underwent endoscopic treatment, and all of these patients were cured and discharged. In the sentinel polyp group, 65 (33.85%) patients received radical surgery, and endoscopic submucosal dissection or endoscopic mucosal resection was performed in 61 (31.77%) patients. Three (1.56%) patients with Duke's stage D disease underwent endoscopic self-expanding metallic stent implantation. Eight (4.17%) patients underwent palliative surgery (bypass operation or colostomy). Twenty-one (10.94%) patients received chemotherapy, 15 (7.81%) received radiation therapy, and 19 (9.90%) chose to undergo conservative treatment. All patients enrolled were followed for 6-12 mo, and 21 (10.94%) patients were lost to follow-up. Finally, 108 (56.25%) patients were in complete remission without tumor recurrence or metastasis, and 57 (29.69%) had tumor regression or 
DISCUSSION
It is clear that there is a lack of effective methods to prevent colon cancer. Early diagnosis and treatment are the most effective ways to improve the prognosis and the survival rate of colon cancer. The morbidity rate and the death rate of colorectal cancer have increased in recent years, and colorectal cancer has become a major cause of death. The expenditure and financial burden involved with the diagnosis and treatment remain at a high level [7, 8] . Colorectal cancer is already in a middle or late stage before it is diagnosed in most patients. Early diagnosis and timely treatment are essential to improve the cure rate and survival rate of patients [9, 10] . Rectal polyps are one of the most common types of intestinal diseases. The relationship between rectal polyps and colon cancer has received much attention from researchers [5, 11] . Sentinel polyps are not uncommon in clinical practice. However, for some patients, poor bowel preparations, being uncooperative, or other reasons make it difficult to perform an examination of the whole colon. Or rectal polyps may have been found during other examinations and not during colonoscopy. All of these situations can lead to the misdiagnosis and missed diagnosis of colon cancer. Therefore, the aim of this study was to explore the characteristics of rectal polyps and their relationship with proximal colon cancer to provide a reference for the clinical diagnosis and early diagnosis of colon cancer.
Our data showed that the onset age of the sentinel polyp group was significantly higher than that of the pure rectal polyp group. Pure rectal polyps often occur at 40 to 60 years old, but sentinel polyps were more common in patients over 60 years old. Great attention should be paid to elderly patients with rectal polyps [12] . However, some researchers have found that the incidence of colorectal cancer in adolescents and young people in the United States is rising, as 5.7% of newly diagnosed colorectal cancer patients are under 45 years old, and 20.5% of patients are younger than 55 years old [12] . Colorectal cancer can largely be prevented by the detection and removal of adenomatous polyps. The survival rate is significantly better when colorectal cancer is diagnosed while the disease is still localized.
Most of the patients showed predominantly nonspecific abdominal symptoms, including abdominal pain, black or bloody stools, bloating, and changes in bowel habits. Additionally, 43 (22.40%) patients with sentinel polyps had no symptoms of digestive tract discomfort and were diagnosed during a routine colonoscopy. This finding indicates that clinical symptoms have limited significance for sentinel polyps. Colonoscopy should be recommended even if the patient has no obvious abdominal symptoms. If there is no relative or absolute contraindication, long-term atypical lower abdominal symptoms should be diagnosed by colonoscopy, thus providing a greater potential for prevention through polypectomy [13] . The proportion of patients who had relatives that were diagnosed with malignant tumors in the sentinel polyp group was higher than that in the pure rectal polyp group. This finding suggested that genetic factors were closely related to the occurrence of colon cancer, which is consistent with the results of Lee et al [14] . The proportion of patients with a family history of FAP in the sentinel polyp group was higher than in the pure rectal polyps group, which is consistent with the findings from another study [15] . There were 1891 (73.10%) patients suffering from hypertension, hyperlipoproteinemia, fatty liver, or diabetes. These factors were closely related to the prevalence of rectal and colon cancer. Similar results were found in a previous study [16] . It is suggested that we should perform colonoscopy for patients with these metabolic diseases, especially for patients with rectal polyps. Compared with the pure rectal polyp group, the rates of mild to moderate anemia and fecal occult blood were higher in the sentinel polyp group. These symptoms are considered to be related to tumor hemorrhage, poor nutrition, tumor consumption and so on. The positive rate of tumor markers in the sentinel polyp group was higher than that in the pure rectal polyp group. This result implied that the combined detection of multiple tumor markers is valuable in differentiating colon cancer from non-cancerous tissue. This could effectively improve the early diagnosis rate of colon cancer [17] . This study found that patients with multiple total colonic polyps in the colon were relatively rare. There was no special manifestation of the intestinal tube between the rectal polyps and proximal colon cancer, suggesting that the lesion was discontinuous.
Therefore, if a rectal polyp is found during colonoscopy, regardless of whether the intestinal tube is normal, it is necessary to continue to enter the ileum at the end of the ileocecal valve to obtain a full colonic examination. Pullens et al [18] performed computed tomography (CT) colonography on 136 consecutive cases of incomplete colonoscopy. CT colonography revealed 19 polyps in 15 (11.0%) patients and nonsynchronous colorectal cancer in 4 (2.9%) patients after an incomplete colonoscopy. Accordingly, if a total colonic examination cannot be conducted, we could observe the rest intestine by barium enema, CT colonography and so on.
In our study, when comparing the sentinel polyp group with the pure rectal polyp group, the number of polyps, size, presence or absence of a pedicle, and pathological types were significantly different between the two groups. Additionally, when there is a polyp with the maximum diameter > 1 cm, sessile polyps, or multiple rectal polyps or if a pathological examination detected adenomatous polyps, the possibility of proximal colon cancer should be examined. For patients with rectal polyps with the above mentioned characteristics, even if it is difficult to perform an examination or if the patient has difficulty tolerating the examination and give up, the whole colon examination should be attempted again shortly, to avoid missed diagnoses and to improve the early diagnosis and treatment of colon cancer. Even if rectal polyps have been removed, patients should be followed closely, and colonoscopy should be regularly repeated.
In this study, patients with colon cancer were diagnosed based on a pathological examination, most of whom had early-stage cancer, including adenocarcinoma of various differentiation grades, mucinous carcinoma, and signet-ring cell carcinoma. Most patients (approximately 129, 67.19%) had cancer at Duke's stages A and B. This suggests that paying more attention to rectal polyps will be helpful to the early diagnosis and treatment of colon cancer. Most of the patients in the sentinel polyps group underwent either endoscopic treatment or radical surgery, which was related to the colon cancer being in the early stages. During the follow-up of 6 to 12 mo, six patients died, indicating that the survival rate of colon cancer is still not optimal. At present, the main causes of death are tumor recurrence and metastasis in colon cancer patients. Therefore, patients who underwent endoscopic treatment or radical surgery still need to regularly receive follow-up with tumor marker testing and colonoscopy [19] . In summary, sentinel polyps are closely related to proximal colon cancer, but the sequence, the homology of the disease, and the progression of distal rectal polyps after proximal colon cancer resection are still unclear, and multicenter prospective studies are needed. The relevant characteristics of sentinel polyps provide a direction for future research and have clear guiding significance.
ARTICLE HIGHLIGHTS
Research background
Colorectal cancer is a common malignant tumor of the digestive tract. In recent years, the incidence of colorectal cancer has increased with the improvement of people's living standards. The relationship between sentinel polyps (rectal polyps with proximal colon cancer) and proximal colon cancer has also received extensive attention.
was performed. According to whether they had proximal colon carcinoma, the patients were divided into either a sentinel polyp group or a pure rectal polyp group. The endoscopic characteristics, clinical and pathological features, treatment, and prognosis of the two groups were compared.
Research results
The sentinel polyps group had a higher average age, and the positivity rates of anemia, stool occult blood, and tumor markers of the sentinel polyp group were also significantly higher than those in the rectal polyp group (P < 0.01). The majority of the patients in the sentinel polyp group had multiple polyps, large polyps, adenomatous polyps, or sessile polyps (P < 0.01). In the pure rectal polyp group, 2203 patients underwent endoscopic treatment, and all of them were cured and discharged. In the sentinel polyp group, 65 patients underwent radical operation, and 61 patients received endoscopic submucosal dissection or endoscopic mucosal resection. A total of 63.16% of patients experienced remission without tumor recurrence or metastasis, 33.33% experienced tumor regression or improved symptoms, and the other 3.51% died.
Research conclusions
If there are multiple, sessile, and adenomatous rectal polyps with a maximum diameter > 1 cm, the possibility of polyp or proximal colon cancer should be closely monitored and a whole-colon examination should be performed.
Research perspectives
Although the relationship between sentinel polyps and proximal colon cancer has received widespread attention, there are still no clear conclusions. This study shows that sentinel polyps are closely related to proximal colon cancer, and the characteristics of sentinel polyps provide a direction for future research on colon cancer and have clear guiding significance.
